To identify gene expression patterns in human dopamine (DA) neurons in the substantia nigra pars compacta (SNc) of male and female control and Parkinson disease (PD) patients, we harvested DA neurons from frozen SNc from 16 subjects (4 male PDs, 4 female PDs, 4 male and 4 female controls) using Laser Capture microdissection and microarrays. We assessed for enrichment of functional categories with a hypergeometric distribution. The data were validated with QPCR.
Introduction
Parkinson disease (PD) is a progressive neurodegenerative disorder affecting up to 3% of individuals over the age of 65 years, and it is associated with degeneration of dopamine (DA) neurons in the substantia nigra pars compacta (SNc) (Standaert and Young, 2005) , resulting in loss of DA innervation to the caudate and putamen. The cause of most cases of PD is unknown. In familial forms of the disease, several genetic mutations have been identified, including alpha-synuclein (mutations and gene multiplications, ASYN), PINK1, Parkin, UCH-L1 and LRRK2 (Gwinn-Hardy, 2002) . While these provided insight into some aspects of the disease, collectively they account for a very small fraction of the total number of cases of PD. The lack of strong monogenic risk factors in the majority of typical late-onset PD cases is supported by twin studies (Tanner, 2003) as well as a recent genome-wide SNP study (Maraganore et al., 2005) . These findings have focused attention on more complex risk factors including environmental effects.
One of the strongest identified risk factors for development of PD is male gender. The prevalence of PD in males is higher in most populations studied, and data on disease incidence suggest that men have at least a two-fold greater risk of PD at all ages (Baldereschi et al., 2000; Van Den Eeden et al., 2003) . Gender also influences the clinical features of the disease after onset, with females exhibiting more impairment of postural stability, depression, and reduced ability to conduct daily activities (Haaxma et al., in press; Lyons et al., 1998; Rojo et al., 2003; Uitti et al., 2005) . In contrast, men are more likely to exhibit REM behavior disorders and other sleep disturbances (Scaglione et al., 2005) . Gender also interacts with other risk factors, attenuating the protective effect of caffeine in women (Ascherio et al., 2003) and altering the relationship between cigarette smoking, alleles of MAO B, and risk for PD (Kelada et al., 2002) . These gender-specific characteristics of PD are also associated with gender-specific differences in DA metabolism in the basal ganglia, with higher densities of DA markers in healthy women, and greater preservation of dopamine uptake sites in women with PD (Kaasinen et al., 2001) .
To identify biological factors involved in the pathogenesis of PD and how they are influenced by gender, we have used Affymetrix high-density gene arrays to study DA neurons isolated from postmortem human brain. We used LCM to isolate DA neurons from human postmortem SN from male and female control and PD subjects. This allowed us to control for the profound loss of DA cells that occurs in PD, as it may present special challenges in studies of gene expression. In fact, homogenates of the SNc are likely to contain relatively few neurons and a large number of glia. The microarray data were analyzed using several different bioinformatics strategies including a statistical approach to study the functional profile of the identified genes.
